Abstract
H uman interference in the structure of river channels through various types of regulation works, as well as exploitation of gravel material, has led to vast degradation of riparian environments, currently affecting over 90% of rivers in Europe (1, 2, 3, 4) . Particularly in the case of mountain rivers, a serious consequence of river channelization has been the loss of natural flow variability and dynamics, resulting in straightening of channels and homogenization of river habitats (4, 5) . Simplification and straightening of channels may increase water flow velocity and sediment transport. High velocity may also increase channel cutting downstream, leading to incision of the alluvial cover, even exposing the bedrock, and lowering of the water table, not only in the active river channel but in the riparian zone as well (6, 7, 8) .
The channelization effect may be expected on several levels. First, river channelization leads to a lowering of the water level, so that in time the river becomes a vertically closed system, completely isolated from the riparian zone, which leads to its impoverishment and terrestrialization (7, 8, 9, 10, 11) . Moreover, exposure of the bedrock as a result of deepening of the river bed reduces the efficiency of sedimentation processes, leading to impoverishment of aquatic diversity (12, 13, 14) and the disappearance of areas of exposed riverine sediment constituting a living environment for highly specialized riparian fauna (11, 15, 16) .
To improve the condition of riparian ecosystems and restore their natural heterogeneity, procedures are carried out to restore the natural hydromorphological processes and multi-threaded character of river channels. By recreating a wide corridor of unimpeded flow, we observe a decrease in flow velocity in the channel and a return to the natural flow regime and redeposition processes (14, 17) , which are crucial for riparian habitat heterogeneity (18). In many cases, however, particularly in highly builtup valleys, different solutions must be sought to reduce the water flow velocity in the channel and thus its incision. To eliminate the negative consequences of incision (mainly associated with flow), environmentally friendly techniques are used, i.e. natural reinforcements constructed of stones or wood, such as rip-rap, gabions, or rapid hydraulic structures. By decreasing hydraulic parameters such as bankfull discharge and water velocity, structures of this kind increase bottom roughness and sedimentation of bed materials (redeposition). As a result of redeposition the morphology of the channel changes and bed material losses are reduced (19), leading to restoration of exposed riverine sediment areas (ERS), which are a habitat for numerous riparian specialist species (20, 21) .
Along natural mountain rivers exposed riverine sediments (ERS) are define as a poory vegetated frequently inundated open areas with fluvially deposited sedminets (20). Inundation during flood events provides highly dynamic and patchy ERS habitats with a high diversity of biota and strict adaptations to the dynamic habitats. Among ERS specialists, insects of the family Carabidae are highly abundant (22, 23, 24, 25) . They have a critical role in linking aquatic and terrestrial food webs (26, 27) . Key features of their life traits, such as body size (2, 28, 29) , dispersal ability (23) and reproduction strategy (24, 30, 31) , allow them to live in such specific environments. Several life history traits of ERS carabids specialists are strongly affected by flood disturbance parameters. For example according to Sadler and Bates (2), Eyre and Luff (28) and Lambeets et al (29) small body size and high dispersal power enble them to escape and quickly recolonise ERS areas after flood events. Moreover high tolerance to submersion and reproduce in spring allow them to live in such specific environments (24, 30, 31) . Owing to their specific adaptations to this type of environment they are good ecological indicators of the processes taking place in such dynamic ecosystems as ERS (21, 32, 33) .
The aim of the study was to compare carabid community composition and structure between incised and redeposited sections of the floodplain of a mountain stream. We expected that in redeposited cross-sections where eco-friendly structures were established, the decrease water velocity and improve bed material redeposition contribute to re-creation of exposed riverine sediment specialists communities. We also tested whether life traits of ground beetles characteristic for exposed riverine sediments (ERS) increase with the eco-friendly structures protecting the stream bed.
MAteRIALs And MetHods
The research was conducted in the Western Carpathian Mountains on the Porębianka stream. The Porębianka catchment is situated in the Carpathian Flysch Belt, which is a part of Carpathians known as the Gorce Mountains, with elevation ranging from 370 a.s.l. at the mouth to 1,310 a.s.l. at the highest point. The Porębianka is a fourth-order tributary of the Vistula River. The stream is 15.4 km long and its catchment area comprises 71.8 km 2 . Because the stream is quite flashy and experiences frequent bedload movement, many hydraulic structures have been built, such as check dams, artificial rapids, boulder drop structures and concrete drops to protect against flooding and to prevent bank erosion and bedload transport (17). The average annual precipitation in the region is 970 mm. Floods typically occur in the summer, with minimum discharge of 0. The Porębianka stream was systematically degraded from the 19th century, along its entire length. As a result of concrete reinforcement and channelization the channel became transformed from braided to single-threaded and narrow. Channel narrowing and straightening was associated with incision, lowering the water table by about 2 m between 1911 and 1988 (17) . To prevent erosion and down-cutting of the channel, many transverse and longitudinal hydrological structures were built. In 2004 a number of eco-friendly structures were built in the lower section of the stream, such as rip-rap and many small boulder drop structures. Currently the entire stream can be divided into two main sections, with processes dominated by redeposition and incision.
Investigations were carried out in both sections, redeposited and incised. In the incised channel four crosssections were chosen. This section was characterized by single-thread, narrow and straightened channel with bed down-cutting processes and deficit of bed materials/sediments. In the redeposited part, six cross-sections were randomly selected, where channel was more morphologically varied and where eco-friendly structures were built to restore deposition processes and natural state after river training. At each cross-section six sites were selected at the elevated gradually distance to the water surface (benches A, B and C) (Figure 1 ). Bench A (Figure 1 , A 1 -A 2 level) was always located the nearest to the adjacent flow channel, not vegetated or covered only by ephemeral grass or herbs (ERS habitats). Bench B (Figure 1 , B 1 -B 2 level) was the transition zone on intermediate elevation between exposed riverine sediment area and woodlands (typically about 2 meter above the water level). The most clearly develop bench C (Figure 1 , C 1 , C 2 ) was the highest and widest, bench characterized by abundant woodland habitats (more than 4 meter above the water level).
At each cross-section land points, elevation and distance were surveyed with a classic optical level Pentax AP-241. Rows of pitfall traps were set up on both sides of the channel. Next, based on the location of the row of pitfall traps and the geometry of the channel, the potential discharge at each level was calculated in terms of volume of running water (34, 35) . The probability of occurrence of flow at each bench was calculated by Punzet's formula using the Woda 88 computer model (36).
Ground beetles were sampled during the growing season from May to September. The pitfall traps (five cylindrical cups with a diameter of 60 mm and depth of 100 mm) filled with ethylene glycol were established in one row at regular 5-metre intervals (30) for benches A, B and C along both banks. Sixty sites were established on ten cross-sections (36 in redeposited and 24 in incised crosssections). Pitfalls traps were emptied monthly and the carabid beetles were stored in 70% ethanol, counted and identified to species.
Similarity/dissimilarity of ground beetle assemblages among all of the sampling sites was analysed by nonmetric multidimensional scaling based on the Bray-Curtis similarity matrix. NMDS analysis was performed with WinKyst Software (37). The distance between assemblages in relation to channel morphology (incision-redeposition) was analysed by ANOSIM (38). Similarity percentage analyses (SIMPER) were performed to determine the relative contribution of the various species to incision and redeposition processes in the channel at each bench. A generalized linear model (GLM) with a Poisson distribution and log-link function (39) was used to determine whether there were statistically significant differences in total abundance, richness, biomass and mean individual biomass (MIB) (40) in relation to channel modification at three elevations (bench A, B and C). Generalized linear models were also used to examine differences in the abundance of individual life traits across modification at bench A, which is directly connected with changing water discharge. Life traits used in the analysis were habitat specialization (ERS: specialists and generalists; dispersal power: B -brachypterous, D -dimorphic, M -macropterous; food preferences: C -carnivores, H -herbivores; breeding strategy: AB -autumn breeders, SB -spring breeders; and body size classes: large >15 mm, medium 7-15 mm, small <7mm) (41, 42).
Figure 1. The location of Porębianka stream and cross sections of incised and redeposited cross-sections. Below: an example of crosssection of the incised channel showing the position of pitfall traps rows at various elevations and benches (A, B, C). Q x-y -calculated bankfull discharge at xy level. Gray shading indicates a lowflow river channel and horizontal lines show calculated bankfull discharges.

ResuLts
To eliminate the effect of spatial autocorrelation of environmental factors with the location of cross-sections, PCA for environmental parameters was used to test the dimensionality of environmental variables, making it possible to reduce their number to a minimum (Table 2) . It was however remarkable that altitude had no influence on environmental and hydrological factors, highly correlating only with the type of river channel (Figure 2 ). Principal component analysis of environmental factors described 81.2%, 11.1%, 3.1% and 2% of variance for the first four axes, but two of them describe more than 93%. Four groups of environmental factors which depend on one another are associated with the axes (Table 2) . The first, which is responsible for most of the variation, is linked with potential bankfull discharge and the period of flooding.
The second axis mostly describes geomorphological incision and erosion. The third axis describes plant cover as the main factor, while the fourth is significantly correlated with the angle of the bank. Loadings were qualitatively designated as high for absolute values (> 0.60). Four main groups of factors were ordinated ( Table 2) : two of these (Factor 1s and 3) are hydrological processes of inundation, and two are geomorphological processes (incision and redeposition) (Factors 2 and 4).
Then two-way analysis of variance was performed between the environmental gradients revealed in PCA and incision-redeposition and bench classes. Axis 1 is significantly dependent on the bench (F=69.9, p<0.0001). Axis 2 depends on the river section (incision-redeposition), F=216, p<0.0001. The third and fourth axes are also bench-dependent (F= 9.12, p<0.0001 and F=14.92, p<0.0001, respectively). This comparison indicated that only altitude variation depended on incision-redeposition Table 2 ). processes, but the range of altitude (78 m) is very narrow and has no biological significance.
A total of 6,000 specimens belonging to 102 species (Coleoptera, Carabidae) were collected. The most abundant species, comprising almost 50% of the total sample, were Poecilus versicolor (20%), Pterostichus melanarius (11%), Abax parallelepipedus (7%) and Pterostichus niger (7%). All of these are characterized by broad ecological range, preferring mostly woodland habitats. The most numerous riverine specialist, Chleanius nitidulus, was 20th in total abundance, accounting for no more than 2% of the overall sample size. Thirty species were collected as singletons and doubletons, most of which were exposed riverine sediment specialists (ERS specialists) (Bembidion ascendens and Bembidion punctulatum).
Non-metric NMDS showed differences in ground beetle assemblages on all benches depending on the type of cross-section (Figure 3) . In all cases assemblages from incised sites differ significantly from recently redeposited areas. The significance level, however, decreases as elevation increases. The assemblages from bench A (ERS) are the most distinct, whereas the assemblages from bench three (C) overlap, while still mostly having different composition.
A difference in composition of ground beetles was also shown by the SIMPER analysis (Table 3) . There was a The distribution of ground beetle community structure parameters, total biomass, MIB, species richness and abundance is presented in Figure 4 . The generalized linear model indicated that incisionredeposition processes have a significant effect on most of the parameters (Table 4 ). The total biomass increases with elevation from the water table and distance from the water surface (from bench A, which has been most disturbed by flooding, to bench C), but the influence of channel modification on this parameter can be seen. On bench A the total biomass is lower on redeposited cross-sections, while on benches B and C the opposite effect is observed. Mean individual biomass increases along the gradient of habitat disturbances (from bench A to bench C), but more significantly, incision increases MIB on each bench. Species richness is not modification-dependent, but in combination with terrace type we have opposite results for bench A and the two other benches. On the most disturbed bench A the mean number of species is higher on incised cross-sections, while on the more stable bench B and C the number of species decreased at incised sites. The mean total abundance is always higher on redeposited than incised cross-sections on all investigated benches.
The life traits distribution on incised and redeposited exposed riverine sediments is presented in Figure 5 . Only habitat generalists and predators were not significantly affected by redeposition of bed material (Table 5 ). In the parts of the Porębianka stream which had previously been regulated and incised, generalist species are dominant on ERS ( Figure 5 ). There is, however, a significant positive effect of redeposition on ERS specialists, suggesting a continual increase in the proportion of ERS specialists in the ERS community after the construction of eco-friendly structures. Dispersal abilities also differ between types of channel modification, with higher abundance of brachypterous and dimorphic species at incised sites and greater abundance of macropterous species at redeposited sites. Feeding preferences differ between categories.
Stream restoration had no effect on predator species, but herbivorous ground beetles were more abundant at redeposited sites.
Breeding strategies are similar in both life strategy groups. Spring and autumn breeders are more abundant on modified redeposited cross-sections. The distribution of abundance in the three body-size groups differs between cross-section categories. On redeposited sites small and medium-sized species are more abundant. Large ground beetles, which are not natural elements of exposed riverine sediments, are more abundant on the incised ERS.
dIscussIon
This study addressed the effects of redeposition processes in a stream channel on carabid beetle communities inhabiting a channelized riparian zone, showing significant effect of "eco-friendly" structures on community composition and life history pattern on formerly incised channel. Numerous authors have emphasized the severe negative impact of river channelization on the functioning of riparian ecosystems (11, 43), particularly for areas in the direct vicinity of the shoreline (known as exposed riverine sediments) (44). The disappearance of ERS areas as a result of channel incision disturbs natural riparian heterogeneity, leading to homogenization and terrestrialization of the floodplain. These changes have a detrimental effect on groups of riparian specialist species, for which unstable exposed riverine sediment areas (ERS) are a natural habitat (21), reducing their diversity or even eliminating them (28).
To limit the impact of these negative processes and restore the diversity of riparian zones, engineering techniques that are 'close to nature' are increasingly chosen, creating the possibility of unimpeded development of morphological processes (redeposition of gravel bed material and restoring the natural mosaic character of the shore zones (14). The results of our study indicate variation on all three benches in the carabid species composition between severely incised cross-sections and those with redeposition of bottom material, although as elevation increases and the frequency of flooding decreases (from bench A to B to C), these differences gradually become less perceptible (Figure 3) . This was mainly due to differences in hydrological parameters such as bankfull discharge and period of flooding, as well as geomorphological parameters such as incision and erosion in the two types of channel (PCA) (Figure 2 ). In the sections where eco-friendly structures were established for restoration purposes, the decrease in bankfull discharge and water velocity led to an increase in bottom roughness and sedimentation of bottom material. The ERS areas restored in this manner gave specialist species the opportunity to recolonize. In cases of restoration of a natural, wide and multi-threaded river channel with many naturally flood- ed ERS areas, this process has been reported to take place rapidly (3, 43, 45) . In our case, however, the results do not confirm precisely this type of changes. When we consider the proportion of particular carabid species in the two types of cross-section (incised and redeposited), we see a small proportion of riparian specialist species in individual assemblages (Table 3, Figure 5 ). In the case of the incised cross-sections this is the result of stabilization of environmental conditions on the banks (11), the total disappearance of ERS, and the influx to all benches of generalist species with a wide ecological amplitude, characteristic of woodland habitats (e.g. Poecilus versicolor, Pterostichus melanarius or Abax parallelepipedus). In the case of the redeposited cross-sections, we presume that the slow increase in the proportion of riparian specialist species results first of all from the intensive exploitation of the entire valley, leaving the stream with a single-threaded stream. In this case the restoration measures taken (redeposition of bed material) favour the re-creation of unstable ERS environments, although their range and size is spatially limited to a narrow, single-threaded active channel. Secondly, the absence of natural ERS areas in the vicinity of the restored cross-section, which might have functioned as refuges for rare and often specialized species of carabids migrating into restored zones, may have been due to the severe modification of the floodplain in the entire Porębianka stream.
The differences in riparian carabid community organization between incised and redeposited cross-sections also reflect parameters of the structure of individual communities. According to Datry et al. (46) , changes in communities inhabiting particular floodplains probably reflect changes in species resilience to inundation and changes in species habitat preferences from flood-adapted to flood-avoiding species (18, 47) . Because on the higher situated benches B and C the frequency of flooding is considerably lower than on bench A, more stable environmental conditions lead to an increase in the abundance, species richness, total biomass and MIB of the carabid assemblages (46 ). Significantly, a similar effect can be observed in analysing the structure of Carabidae assemblages inhabiting bench A in the incised cross-sections. Severe incision of the channel stabilizes environmental conditions on benches, thereby substantially reducing the habitat diversity of the banks (11, 43) . A reduced frequency of bank inundation creates possibilities for the colonization of ERS by species from higher elevations and elimination of specialized ERS species (well-adapted to the dynamic flow conditions typifying unmodified sections). In the sections where eco-friendly techniques reduced the water flow velocity, restoring deposition of bottom material, we can observe a slow stage of restoration of riparian specialist communities. This process can best be seen in the communities inhabiting bench A. The habitats situated closest to the shoreline and thus most dependent on the frequency of flooding mainly contain species of small body size and high dispersal capacity (23, 24) . These traits allow them to escape quickly during periods of flooding and to recolonize the banks after the water level recedes. Our results confirm a visible decrease in total biomass and MIB on bench A in comparison with the benches situated farther from the shoreline (Figure 4 ).
As hypothesized, differences are observed in life history parameters of carabids between the redeposited and incised cross-sections. These parameters have been used in many ecological studies and studies on environmental disturbances (18, 24, 45, 48, 49, 50) . Our results show that redeposition leads to an increase in abundance of species whose life traits describe riparian specialists. In restored cross-sections there is an increase in abundance of macropteric predators with small body size and a spring developmental cycle ( Figure 5 ). These are parameters characterizing ERS specialist species, enabling them not only to survive repeated periods of flooding, but also to permanently colonize these unstable environments (18, 21, 23, 24 
